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ABSTRACT
Sanjana Bhat: The effects of medial unloader braces and lateral heel wedges in the gait 
biomechanics of healthy subjects
(Under the direction of J. Troy Blackburn)
Orthotic devices such as medial unloader braces and lateral heel wedges have typically 
been used in patients with medial compartment knee osteoarthritis (OA) to force the knee into a 
neutral or valgus alignment and reduce loading on the medial compartment, but they may also be 
used in individuals following traumatic injuries or surgical repair procedures to protect cartilage. 
It was hypothesized that the medial unloader brace and lateral heel wedge would decrease knee 
adduction angle (KAA) and moment (KAM) in subjects without knee OA.  Gait analysis 
performed on ten subjects with normal knee alignment and no history of knee injuries showed 
that the orthotic devices did not significantly affect KAA or KAM.  These results indicate that 
the orthotic devices do not affect the medial compartment in the same way it does in knee OA 
patients, likely die to neutral rather than varus alignment in our sample of healthy subjects.         
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1CHAPTER 1: INTRODUCTION
Knee osteoarthritis (OA) is a degenerative joint disease that refers to the breakdown of 
articular cartilage at the tibiofemoral joint and is the leading cause of pain and disability.1,2  Knee 
OA is more prevalent in the medial tibiofemoral joint compartment than the lateral because more 
load is placed onto this compartment during weight bearing activities.1  As a result, as knee OA 
progresses it creates great amounts of pain and disability during activities like walking that are 
essential to everyday life.1,3 Currently, one of the final clinical solutions is knee arthroplasty, or 
total joint replacement, but this approach is typically reserved for advanced or end-stage patients 
due to the high costs and associated risks.  As it is, knee OA can lead to direct annual medical 
costs around $165 billion, or $5,700 per patient.4
There are two general types of knee OA: idiopathic and post-traumatic.  Idiopathic, or 
primary, OA results from non-specific, gradual breakdown of articular cartilage and can be 
localized (affecting a particular joint) or generalized (affecting multiple joint regions).5
Conversely, post-traumatic, or secondary, OA results from a specific traumatic event.5  For 
example, knee OA can be caused by a complication of injuries to structures in the knee such as 
the anterior cruciate ligament (ACL) and menisci.6  The menisci improve joint stability and load 
distribution, and provide shock absorption and cartilage lubrication in the knee.7  The prevalence 
of knee OA due to an isolated ACL tear is only 13%, but is as high as 40% when combined with 
damage to the meniscus.8  A concomitant meniscus tear is present in up to 65% of ACL injuries, 
thus the risk of post-traumatic OA associated with ACL injuries is relatively high.6
There are many procedures that are used to repair damaged menisci or cartilage in an 
2effort to reduce the likelihood of developing knee OA. This includes performing meniscal 
repair, meniscectomy, mosaicplasty, or microfracture surgery. An injury to the meniscus can 
result in altered knee biomechanics which contribute to the development of knee OA.  Meniscal 
injuries can be due to degeneration, trauma, and complications from having a discoid meniscus.9  
One treatment for such injuries is by meniscal repair.  Viability of meniscal repair depends on 
factors like vascularity of the location of the tear, type of tear, chronicity, and size.9  Meniscal 
repairs are typically performed over meniscectomies with the ideal situation being when there is 
an acute 1-2 cm longitudinal peripheral tear.9  The indications and results of meniscal repair, 
however, are controversial and provide mixed results. The clinical success rate for meniscal 
repair is 76% and based on improved pain, joint structure, and bilateral standing radiographs of 
the knee.10  Mensicectomy involves surgical removal of all or part of the meniscus, and, is 
commonly recommended when meniscal repair isn’t feasible.11  Meniscal repair is preferred to 
meniscectomy because of the uncertainty of results following a meniscectomy and overall better 
results.  After undergoing a meniscectomy, patients are more likely to develop knee OA because 
of the decreased joint stability and load distribution that occurs due to the lack of part or all of 
the menisci.7  Additionally, there is a 75% decrease in intra-articular contact area that increases 
the risk of OA.10   
One approach for repairing the cartilage defects (i.e. direct damage to articular cartilage) 
and breakdown that can progress to knee OA is by mosaicplasty.  This surgical procedure 
involves placing osteochrondral autograph plugs from an area of cartilage that is less important 
for weight bearing into holes that are drilled at the defect site.12  This procedure is effective when 
resurfacing osteochondral defects in the knee and rebuilding the articular surface.12  Another 
technique for repairing cartilage defects is by microfracture (MF) surgery. This procedure 
3involves stimulating mesenchymal cells from subchondral bone marrow to create a fibrin clot 
that forms a fibrocartilaginous regenerate.13  Mosaicplasty and MF surgery may reduce the risk 
of developing knee OA following traumatic injuries, but their long term impact are unknown.13
The breakdown of articular cartilage that leads to knee OA is thought to result, in part, 
from altered loading mechanics at the knee joint, particularly in the medial compartment.  
However, direct measurement of the load placed on the medial knee compartment in vivo is not 
practical given the equipment needed and is thus not currently performed.  Therefore, variables 
identified via biomechanical gait analysis are commonly used to estimate the load placed on the 
knee during walking gait.  Walking is a critical part of human locomotion and occurs with great 
frequency, thus estimating the load placed on the knee during walking gait is a significant 
approach for understanding the repetitive, impulsive forces created that can lead to degenerative 
changes in articular cartilage.14
Peak knee adduction angle (KAA) and moment (KAM) are commonly used surrogate 
indicators of medial compartment loading.1  KAA refers to the frontal plane knee angle, and 
provides an indication of the proximity of medial tibiofemoral joint surfaces (i.e. greater knee 
varus motion approximates the medial joint surfaces).1  Greater approximation of these 
articulating surfaces leads to greater compressive force being placed on the articular cartilage.  
KAA typically displays two peaks, the first of which occurs during early stance of gait and is 
associated with the presence, severity, and progression of knee OA.15   
KAM reflects the dynamic load placed on the medial compartment,16 and indirectly 
measures the medial tibiofemoral contact force.17  Greater KAM is indicative of greater loading 
of the medial aspect of the tibia that articulates with the inferior aspect of the medial femoral 
condyle,18  and is associated with greater varus alignment, loss of bone mineral density, and 
4more rapid progression of knee OA.16,17  These findings suggest that factors which reduce KAA 
and KAM may reduce the risk of developing knee OA.
Limiting loading of the medial knee compartment (i.e. KAA and KAM) is critical for 
reducing the load placed on articular cartilage.  Medial/valgus unloader braces are designed to 
force the knee into a more neutral or valgus frontal plane alignment to reduce the load on the 
medial compartment, and lateral heel wedges can be inserted in shoes to produce similar 
effects.1,19  These devices produce a valgus moment about the knee to decrease the varus 
alignment and loading that lead to knee OA.20  Studies that have evaluated the effects of these 
orthotic devices generally report that they are effective for reducing KAM and KAA when used 
in combination.1,16,21  The results of using these orthotic devices in isolation are similarly 
promising, as lateral wedges reduce the peak KAM, and similar reductions in KAM and KAA 
have been reported with medial unloader  braces.1,22  As such, medial unloader braces and lateral 
heel wedges may be effective methods for slowing the progression of knee OA. 
Medial unloader braces and lateral heel wedges may also be effective methods for 
protecting cartilage as it heals following traumatic injuries or surgical repair procedures in an 
effort to prevent further cartilage breaking and development of knee OA.  However, most 
research evaluating these devices has involved individuals already diagnosed with knee OA.  
Individuals with knee OA typically display chronic gait adaptations, and it is unclear if these 
adaptations predisposed them to OA development, if they resulted from structural changes within 
the joint associated with OA development (i.e. varus deformity), or if they are compensatory 
mechanisms for relieving pain associated with gait.16,20,21,23  As such, individuals with knee OA 
may not accurately represent those who have sustained traumatic cartilage injuries but have not 
yet developed knee OA.  Healthy subjects provide an optimal model for evaluating the effects of 
5these orthotic devices due to the fact that they do not display chronic gait adaptations or 
pathological varus deformity, and do not possess chronic pain that requires compensatory gait 
strategies, similar to individuals who have experience traumatic cartilage injuries or surgical 
repair. 
The limited research evaluating the effects of these orthotic devices in healthy subjects 
report favorable results. Medial unloader braces have demonstrated an decrease KAM21,23 and 
KAA during gait.21  Lateral heel wedges produced similar results in addition to reducing the 
medial compartment contact force in computer simulations.24  These results suggest potential 
benefits of using such orthotic devices following cartilage trauma and surgical repair.  However, 
it is unclear which of these devices is most effective for reducing KAA and KAM.  Therefore, 
the purpose of this study was to evaluate and compare the effects of medial knee unloader braces 
and lateral heel wedges on gait biomechanics associated with knee OA development (KAA and 
KAM) in healthy individuals via the following specific aims: 
1. To determine the effects of a medial unloader brace on peak KAM and peak KAA during 
walking gait in healthy subjects.
Hypothesis 1: The medial unloader brace will reduce the peak KAM and peak KAA.
2. To determine the effects of a lateral heel wedge on peak KAM and peak KAA during 
walking gait in healthy subjects.                 
Hypothesis 2: The lateral heel wedge will reduce the peak KAM and peak KAA. 
3. To compare the effects of the medial unloader brace and lateral heel wedge on peak 
KAM and peak KAA during walking gait in healthy subjects.
6Hypothesis 3: The medial unloader brace will be more effective in reducing peak KAM 
and peak KAA than the lateral heel wedge. 
If the medial unloader brace and lateral heel wedge both reduce medial compartment loading 
in healthy subjects, they could be used to protect damaged or surgically repaired cartilage, 
potentially reducing the risk of developing OA.  If demonstrated to be effective for preventing 
knee OA, these devices could substantially reduce the costs, pain, and disability associated with 
cartilage injuries.  
7CHAPTER 2: REVIEW OF LITERATURE
Introduction
The purpose of this literature review is to review studies that help deepen knowledge and 
identify any deficits in our understanding on the topic of knee osteoarthritis.  This review in 
particular focuses on the effects of using medial unloader braces and lateral heel wedges on the 
gait biomechanics of subjects with no history of knee injuries.  It will evaluate how orthotic 
devices like medial unloader braces and lateral heel wedges can be used to potentially prevent 
joint degeneration and knee osteoarthritis.  Secondly, this review gives evidence of the 
effectiveness of braces in injured and healthy populations to show how they can be effectively 
used as cost effective and simpler alternatives to knee arthroplasty if knee osteoarthritis is 
developed.  Lastly, it will evaluate the importance of determining whether the orthotic devices 
affect gait biomechanics in healthy subjects.  This is important as it will help show whether 
orthotic devices can be used to correct joint dynamics in individuals at heightened risk for 
developing knee OA.        
Knee Osteoarthritis 
The Epidemiology of Osteoarthritis 
Osteoarthritis (OA) of all joints has become more prevalent in recent years with estimates 
around 44 million people or 14% of adults in the United States alone affected by it.25,26 This 
number is projected to increase to about 40% of adults in the US in the next 25 years though due 
8to the aging population and rise in obesity.26,27  In addition, it is ranked eleventh in the world of 
causes of years living with a disability.28 It is a degenerative joint disease that damages articular 
cartilage at a joint and the tissues around it.25 Individuals suffering from it experience symptoms 
of pain, stiffness, and decreased range of motion in the joint.29   
A loss of articular cartilage, problems in the remodeling of subchondral bone and 
osteocyte formation, ligamentous laxity, weakening of the periarticular muscle and synovitis are 
all factors that contribute to OA.25 Pain is the most common symptom associated with OA and 
can affect one’s movement as a result as well.25 It is seen mostly in hands, feet, facet joints and 
weight bearing joints like the knee and hip. OA leads to direct annual medical costs exceeding 
$321 billion of which knee OA, the most common type, accounts for $165 billion or $5,700 per 
patient.4 Knee OA has a doctor-diagnosed prevalence of 13.8% in populations over the age of 
45.28 Of these people with knee OA, 10.9% have OA in another joint.28 Women also tend to be 
affected by OA more than men.28 The prevalence and debilitating nature of knee OA has made it 
important to find ways to prevent it and slow its progression.16
Factors leading to Knee OA
While it is mostly seen in older individuals, knee OA can affect people of all ages. The 
development of knee OA later in life is logical based on the premise of repeated loading placed 
onto the joint with time that causes degeneration of the cartilage. Several factors can predispose 
a person to knee OA, and explain why it may occur in people at younger ages. A couple of these 
factors include high body mass index (BMI), anterior cruciate ligament (ACL) ruptures that 
result in meniscal tears, and altered gait biomechanics.8 High BMI can increase the load placed 
on the knee, while ACL ruptures and meniscal tears can change how loading is applied. Both of 
these factors can result in altered gait biomechanics which eventually lead to joint instability and 
9OA. People who suffer from one or more of these factors are at an increased risk of developing 
OA. 
High BMI is a major risk factor for knee OA. With rates of obesity in the world 
increasing, increasing rates of knee OA are to be expected as well.28 This is demonstrated by the 
population risk for knee OA due to obesity set at 29%.8 For every 5 unit increase in BMI, the 
risk of knee OA increases by 35%.8 On the other hand, losing five pounds could decrease the 
chance for knee OA by 50% thus showing how reduced weight and load are important in helping 
curb knee OA.8
ACL rupture is another factor that has recently been shown to affect knee OA. When 
one tears the ACL, he/she also tends to damage articular cartilage, subchondral bone and 
collateral ligaments, and the menisci as well.8 The rupturing of the ACL is quite common in 
individuals who play high-risk sports and experience high valgus forces on their knees.8 While 
ACL ruptures on their own do accelerate the chances of experience knee OA, the damage to 
other structures is what may significantly increase the development of OA. This damage in turn 
can lead to the development of OA in a significant number of people as early as ten years after 
the initial ACL rupture occurred.8  Even after ACL reconstruction surgery, the knee could be 
impacted due to the lack of a functional ACL which affects the static and dynamic loading on the 
injured knee.8 This could lead to long term changes in the cartilage that is in direct contact 
during weight bearing activities,8 and could increase the risk of developing knee OA. The 
prevalence of knee OA due to an ACL tear is only 13% but is between 21 and 40% when 
combined with any damage to the meniscus.8  The meniscus can directly affect cartilage integrity 
and thus plays a more important role when trying to correct joint position and prevent knee OA 
development.  In either case, the structural damage caused by the ACL rupture and meniscal 
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tears leave people at a higher chance of developing knee OA. 
Menisci help improve joint stability and load distribution, and provide shock absorption 
and cartilage lubrication in the knee.7  Therefore, any injury to a meniscus can alter knee 
biomechanics and increase the risk of knee OA.30  Meniscal injuries can be due to degeneration, 
trauma, and from having a discoid meniscus.7,9  Meniscal degenerative pathology is correlated 
with degenerative cartilage changes which in itself can lead to knee OA.7  These injuries thus 
commonly require surgical repair which also increases the risk of developing knee OA.31    
One treatment for this is meniscal repair.  Performing meniscal repair may depend on 
factors like vascularity of the location of the tear, type of tear, chronicity, and size.9  In other 
words, an acute longitudinal tear in the red zone is more likely to be repaired than a chronic flap 
tear in the white zone of the meniscus.9  In this case, meniscal repair is typically used when there 
is an acute 1-2 cm longitudinal peripheral tear that is fixed during ACL reconstruction in 
particular.9 Meniscal repair can be done in open or arthroscopically, but arthroscopic surgery is 
preferred because it involves a small incision, has early recovery and rehabilitation.9 The 
advantage of performing meniscal repair is also that it retains native anatomy by suturing the 
meniscus back into place to keep its stability and function intact.32 Meniscal repair overall has a 
clinical success rate of 76% for meniscal repair based on improved pain, joint structure, and 
bilateral standing radiographs of the knee despite it being a relatively unproven method to 
repairing the meniscus.10  Meniscal repair procedures do have a failure rate that ranges between 
5% and 43% that subsequently leads to undergoing a meniscectomy to address continued 
complications.32   
Undergoing a meniscectomy is the surgical option commonly recommended to try to 
remove all or part of a meniscus following a meniscal tear.11  Following a meniscectomy, the risk 
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of developing knee OA increases 6-fold.33  This is more likely to happen because of the 
decreased joint stability and load distribution that occurs in the knee due to the damage to the 
menisci.7,34  The pressure placed on the joint may be increased by 85% during flexion and 
contact pressure by 100-200%.10  However, unlike a total meniscectomy, a partial meniscectomy 
is has more favorable results. Like meniscal repair, it attempts to preserve the meniscus and has 
an 88% success rate among patients.34 Despite that, meniscal repair is preferred to any kind of a 
meniscectomy since meniscus-deficient knees can increase the risk of developing OA.35      
In addition to meniscal tears, meniscal extrusion is seen as one of the strongest predictors 
of developing OA.30  Meniscal extrusion refers to the extending of the meniscus beyond the tibial 
margin.36  When this occurs, there are typically larger tears in the meniscus that affect the 
meniscus’s ability to take on load.30,36  In this case, the meniscus may also be displaced from the 
tibial articular cartilage.37  Varus alignment of the lower limb and joint space narrowing, two 
factors that contribute to knee OA, are also seen to cause meniscal extrusion.37  It is unknown 
whether meniscal extrusion occurs prior to or after knee OA development.37  Regardless, 
meniscal extrusion may still cause cartilage degeneration, which leads to knee OA, to occur.30  
The medial menisci are more prone to injury than the lateral menisci because of its role in 
weight bearing.36  As more weight is placed on the medial side of the knee than the lateral, the 
medial meniscus plays a prominent role in force attenuation during weight bearing.36  This is 
significant as it is consistent with and can be used to explain why medial compartment knee OA 
is more common than lateral compartment knee OA.    The relationship between knee OA and 
meniscal damage is complex and interrelated however.  Meniscal tears may, in fact, lead to knee 
OA but those already with knee OA may be likely to tear the meniscus if not torn already.  As a 
result, protecting the cartilage after surgical repair in particular may be essential in slowing the 
12
progression in those with damage to the meniscus.  
Gait biomechanics are another factor that can lead to knee OA.  Injuries like those to the 
meniscus can affect gait biomechanics and place more stress on the medial compartment of the 
knee.  One way that these changes are studied is to examine the loading mechanics in individuals 
with knee OA.  While it is not currently practical to directly measure load place on the knee in 
vivo, variables like peak knee adduction moment (KAM) and knee adduction angle (KAA) can 
be used as surrogate indicators of load placed on the medial compartment.1,38     
KAM is typically used to estimate the magnitude of dynamic medial joint loading.16,38  It 
is determined by the ground reaction force (GRF) and the lever arm to the center of the knee 
joint in the frontal plane.17  The presence of a KAM thus means that the medial aspect of the tibia 
that articulates with the inferior aspect of the medial femoral condyle is being loaded in 
compression.18  KAM can be used to explain the limb’s alignment, bone mineral density of the 
proximal tibia and the progression and development of knee OA.17  In people suffering from 
medial compartment knee OA, the KAM tends to be large during the stance phase.38   This larger 
KAM means that the knee is in more of a varus alignment, and may have potentially lost bone 
mineral density and medial joint space.16,17  This, as a result, may all cause rapid progression of 
knee OA
KAA is used to describe the frontal plane knee angle, and indicates the proximity of 
tibiofemoral joint surfaces (ie. greater knee varus motion approximates the medial joint 
surfaces).1  Greater approximation of these articulating surfaces leads to greater compressive 
forces being placed on the articular cartilage.  KAA typically displays two peaks, the first occurs 
during the early stance phase and is associated with the presence, severity, and progression of 
knee OA.15  Greater KAA also signifies greater mean and peak KAM.15
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In regards to these two variables, greater KAA and KAM are both associated with knee 
OA.  Alterations in these variables in response to pain and other stimuli influence the progression 
of knee OA and can negatively affect the knee joint in the process.  Finding out how these 
variables are affected in healthy subjects and while treating individuals with knee OA is essential 
to testing the effectiveness of a particular treatment.
Structures Affected by Knee OA 
Knee OA is an all-encompassing degenerative joint disease: it affects all components 
within the knee joint including hyaline articular cartilage, subchondral bone, ligaments, and the 
menisci.39  Breakdown of the cartilage, bone lesions, and/or ligament and meniscal tears can all 
contribute to knee OA.  Damage to or malalignment of any of these structures can leave one 
vulnerable to knee OA.  This is also the same reason it can be difficult to prevent knee OA from 
developing.
Another factor seen in radiographic knee OA patients is the decrease in joint space that 
may occur in response to the damage of any of the structures described above. This decrease in 
joint space is associated with osteophytes, which are also known to be involved in subchondral 
schlerosis and pain in the knee joint.25,40  Osteophytes are bony outgrowths that are found near 
the joint typically at the anterior part of the tibial plateau.41,42  The size of osteophytes is often 
used to grade the severity of knee OA with small osteophytes pointing to the possibility of 
narrowing of joint space and large osteophytes with severe narrowing of joint space, bony end 
deformation, and schlerosis.25,42,43  The larger and more abundant number of osteophytes in the 
knee is indicative of the increased severity of knee OA.  
These structures and any damage to them can be seen by using Magnetic Resonance 
Imaging (MRI) and radiography. Osteophytes, joint space, and other osseous joint structures are 
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things that physicians look for especially when using radiography to diagnose knee OA.39  MRI 
on the other hand is able to identify damage to subchondral bone, the synovium, ligaments, and 
the other soft tissues involved in knee OA to potentially give a more definitive picture of the 
structures involved in knee OA.39  
Types of Knee OA
There are two ways that knee OA can be developed: idiopathically or post-traumatically.  
Idiopathic, or primary OA, results from the non-specific, gradual breakdown of articular 
cartilage and can be localized (affecting one joint) or generalized (affecting multiple joint 
regions).5  This type of OA does not originate from one particular event, thus it tends to take 
longer to develop than post-traumatic OA.5  Idiopathic knee OA results from repeated loads 
placed on the joint that accumulate over time as a result.  Other factors discussed already like 
obesity may also make one more prone to develop idiopathic knee OA.
Post-traumatic, or secondary, OA develops following an acute injury to the affected joint 
(the knee in this case).5,44  This acute injury can be in the form of an ACL injury, meniscal tear, 
post-traumatic bone lesion, articular cartilage damage, and other traumatic knee injuries that can 
occur in isolation or in conjunction with one another.44  This type of knee OA is particularly 
significant because it develops faster and earlier in affected individuals than idiopathic OA.44  It 
can start developing as soon as the onset of the injury because of the inflammatory, regenerative, 
and pathological responses from the body due to the traumatic injury.44 This, as well as the fact 
that knee OA is not typically detected until years after the traumatic event, can make it difficult 
to stop progression of OA.  Like with idiopathic OA, repeated loads placed on the joint can 
further progress the development of knee OA.    
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Treatments: What has been done to deal with knee OA?
What has been done to slow OA progression?
There is no effective treatment for reversing knee OA other than joint arthroplasty.  
Treatments thus revolve around trying to keep the condition from getting worse and relieving 
pain.  As a result, conservative treatments of knee OA involve pharmacological and non-
pharmacological solutions to reduce pain, improve mobility, and limit functional impairment in 
the joint.45,46  After trying to correct those issues, treatments often focus on trying to stop the 
progression of the disease and improving muscular strength to help individuals try to lead normal 
lives despite having knee OA.46  As knee OA can be caused by changes in gait biomechanics, it 
is important to approach it holistically and not only find ways to reduce pain, but also try to 
isolate the mechanisms that lead to and progress the development of knee OA.  A primary 
objective for slowing knee OA progression is to reduce the load on the medial compartment 
during weight-bearing tasks.  
Pharmacological treatments for knee OA involve the use of oral analgesics like 
acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs) like ibuprofen, topical 
analgesics, neutraceuticals like glucosamine, and corticosteroid injections.46  Which pain 
relievers are used is based on the severity of the pain felt and other symptoms like inflammation 
that may occur as well. NSAIDs are seen as the most effective in helping these symptoms and 
are often the first pain medicine given to patients,47 but corticosteroid injections may also be 
used for short-term relief if necessary.46
Much of the changes that can be made to slow the progression of knee OA are 
behavioral.  In other words, most of the initial solutions and non-pharmacological treatments for 
knee OA involve changing one’s lifestyle.  With many factors such as obesity leading to knee 
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OA, lifestyle changes that can be made include losing weight, altering daily activity, and 
engaging in  non-pharmacological treatments including exercise, using thermal modalities, 
acupuncture, transcutaneous electrical nerve stimulation, shoe insoles/wedges, walking aids like 
canes, and knee braces. The effectiveness of each of these methods in preventing the progression 
of knee OA varies by individual and in general, but they are moderately effective for reducing 
the symptoms of knee OA. .    
Knee OA can also be treated by choosing surgical options like arthroscopy, osteotomy, 
and arthroplasty.48  The reasons behind choosing the surgical route to treat knee OA involves 
location and severity of the damage, individual situation, and other risk factors.48  Despite the 
option of surgery being available to patients, the non-surgical treatments described above are 
preferred, and surgery is only recommended if those options fail to give relief to the patient 
and/or are not effective in slowing the progression of knee OA.48  There are different techniques 
involving arthroscopy but it is widely seen as rather ineffective and with short-term benefits that 
help only select populations like those dealing with meniscal tears.48  Osteotomy is typically 
used more in younger patients with knee OA who do not need total knee replacement, and 
involves removing the bone to change alignment and relieve weight placed on the joint.48  The 
final and more drastic way to treat knee OA is through knee arthroplasty, or knee replacement 
surgery.  This surgery is safe but is only recommended when all other options have failed 
because of the irreversibility of the procedure and the risks such as infection.    
What has been done to prevent it from occurring in healthy individuals?
Knee and other types of OA can have genetic components that lead to its development 
and in such cases typically younger individuals may go through a particular regimen to help 
prevent it from occurring.  Disease prevention behaviors are taught to these individuals and 
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include engaging in quadriceps strengthening programs, performing exercises to increase 
flexibility, balance, muscle strength and endurance in general to help prevent injury that may 
lead to knee OA, and maintaining a healthy weight.49
Healthy individuals in relation to those with knee OA refer to those who do not have any 
bony malalignments or pain associated with knee OA.  As a result, this includes those who have 
immediately had a traumatic knee injury such as an ACL tear or meniscal tear, as well those who 
have already undergone cartilage repair surgeries like microfracture (MF) and mosaicplasty, that 
may increase the risk of developing knee OA.  The quick fix after traumatic injuries to prevent 
the development of knee OA is often times just to undergo ACL reconstruction or a 
meniscectomy to help them regain mechanical stability in the joint.  However, simple ACL 
reconstruction and mensicectomy is often not a long term solution to the problem and those 
individuals often are still prone to developing knee OA.  
One way to correct the cartilage defects and breakdown that can progress to knee OA is 
by mosaicplasty.  It is a procedure that involves getting osteochrondral grafts from a less 
important weight bearing area of the articular surface to the cartilage defect and drilling holes at 
the defect site.12,13  This procedure is effective when resurfacing osteochondral defects in the 
knee and rebuilding an articular surface.12,13  Problems can occur since a graft used from another 
area may not match the knee cartilage it is replacing and may also negatively affect the area the 
graft was taken from.12  It is, however, a technique that is used to try to prevent the progression 
of knee OA following cartilage injuries and has a success rate in doing so of 83-92% in the short 
and mid-term.13
Another way to correct cartilage defects and breakdown is through the use of 
microfracture (MF) procedures.  These procedures involve stimulating mesenchymal cells from 
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subchondral bone marrow to create a fibrin clot that forms a fibrocartilaginous regenerate.13  
This regenerate is not as structurally sound as the native articular cartilage but the addition of 
fibrocartilage to the joint improves knee function and relieves pain.13  It is seen as a procedure 
that can be especially highly successful if rehabilitation protocols are strictly followed to heal the 
cartilage.50  There is evidence that shows that an MF procedure can improve pain and function in 
80% of patients under the age of 45 after a 7-17 year follow-up.50,51   Like with mosaicplasty, 
undergoing a MF procedure is thus a rather good way to help prevent the development of knee 
OA in individuals following traumatic injuries, but the long term impact of such procedures is 
still relatively unknown.13  
Despite the relative success of mosaicplasty and MF procedures, the uncertainty of its 
impact in the long term does mean that protective measures may be needed in these individuals 
to not only enhance the effects of the surgery but also ensure long term success.  One such 
protective measure that can be used in individuals following a traumatic injury and corrective 
cartilage surgeries is the use of orthotic devices.  In this case, medial unloader braces and lateral 
heel wedges may be used in slowing the development of medial compartment knee OA.
The Role of Bracing
Orthotic devices such as medial unloader braces and lateral heel wedges potentially 
provide a mechanism for reducing medial knee compartment loading.  These devices are 
commonly used to treat medial knee OA by limiting medial compartment loading. However, 
they may also be effective for reducing medial compartment loading in individuals who have 
undergone surgical cartilage repair procedures, potentially reducing the risk of developing knee 
OA.     
Medial, or valgus, unloader braces are designed to force the knee from a varus into a 
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more neutral or valgus frontal plane alignment to reduce the load on the medial compartment.24,44  
Using these medial unloader braces can thus help reduce KAM and shift the loads from the 
medial compartment to the lateral compartment.19  They can decrease the load on the medial 
compartment by about 11% but more data is still needed to further validate these statistics.24  
Lateral heel wedges can be inserted in shoes to produce similar effects.1  These devices 
produce a valgus moment about the knee to decrease this varus alignment.20  They are designed 
to reduce KAM by relatively shifting the center of pressure of the GRF laterally in comparison to 
the center of the knee joint.24  Doing this in turn changes the varus moment in order to produce a 
more valgus moment and alleviate loading in the medial compartment.52
Studies looking at the effects of these orthotic devices on individuals with knee OA show 
that they are most effective in reducing KAM and KAA when used in combination.1,16,21  The 
results of using these orthotic devices separately are just as encouraging as they respectively 
reduce the peak KAM and KAA in those with knee OA.1,22  As such, medial unloader braces and 
lateral heel wedges are seen as effective methods used to slow the progression of knee OA.  
These orthotic devices may also be effective for protecting healing cartilage, potentially 
reducing the risk of knee OA.  They can improve tibiofemoral alignment by shortening the 
moment arm at the knee and foot, and thus reducing KAM as well.46  As a result, medial 
unloader braces in particular are able to positively impact the distance one can walk, gait 
velocity, pain, muscle strength, and frontal stability.46  
However, not all of the research gathered consistently show reductions in KAM and 
KAA.  In one case where the lateral heel wedges were used, around 20% of the knee OA patients 
did not experience a decrease in KAM.53  In another case that used medial unloader braces, there 
was no significant difference noticed in KAM between the braced and unbraced conditions.54  
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There are no significant differences noticed in KAM between the group that wore the lateral heel 
wedges and the group that wore the medial unloader braces after a period of 6 weeks either.54  
While more research is needed to validate this information, it does show the limitations that these 
orthotic devices can present.  It shows a need to perform more research on these devices with 
knee OA patients and in those without knee OA to see if the devices can be effective in slowing 
the progression of knee OA in that population. Yet, the majority of the literature in this area has 
been conducted in individuals already diagnosed with knee OA.  
In a study involving healthy male runners in particular, there was a reduction in KAM 
noticed after the use of a valgus unloader brace which shows how the use of braces may also 
help those who do not have knee OA.23  Overall, it has been seen that medial unloader braces 
have been demonstrated to decrease KAM21,23 and KAA during gait.21  Lateral heel wedges are 
also effective in decreasing KAM and KAA while also reducing the medial compartment contact 
force in computer simulations.24 On the other hand, there is also contradicting data regarding 
medial unloader braces in healthy individuals that shows that there was no significant difference 
in KAM between the braced and unbraced conditions.55  
These results overall suggest potential benefits of using such orthotic devices following 
cartilage trauma and surgical repair.  As such, it is rather unclear if individuals who have not yet 
developed knee OA would receive similar benefits.  Due to the lack of substantial evidence 
showing the impact of these devices on healthy subjects, there is uncertainty over exactly how 
beneficial the devices may actually be.  More research must be done to validate the results 
already obtained to show more of a trend. As a result, we may still expect different results 
between those with knee OA and those without. This thus also dictates the need for more studies 
seeing its impact on subjects without the bony malalignments that come with knee OA.  Another 
21
thing to consider with medial unloader braces and lateral heel wedges is the weighing the 
benefits of using the devices with comfort.  Despite the success of these devices in those with 
knee OA, medial unloader braces that have large angulations and lateral heel wedges with 
greater wedge height are associated with less comfort, which can thus decrease its effectiveness 
in those with or without knee OA respectively.16          
Methodological Considerations Behind the study
This study focuses on the role of medial unloader braces and lateral heel wedges in 
reducing medial knee compartment loading in healthy subjects.  Due to the lack of research 
regarding how these braces influence gait biomechanics in healthy individuals, it is unclear if 
they could provide benefits to those following surgical cartilage repair procedures.  Individuals 
more prone to developing knee OA include people with traumatic injuries like meniscal tears and 
ACL tears and more chronic issues like obesity that progress cartilage breakdown. It is thus 
important to see whether these orthotic devices can effectively limit loading on the medial 
compartment of the knee in such vulnerable populations that do not yet have varus deformity in 
the joint due to knee OA. 
It is worth noting that most individuals (healthy and injured) do naturally display a little 
varus motion during walking gait because of how the center of pressure of the lateral border of 
the foot moves with regards to the medial border at contact with the ground at toe off.24  
Therefore, it is not uncommon to see a little varus alignment in healthy individuals as well. 
Those without knee OA include individuals that have sustained knee cartilage injuries but do not 
have any varus alignment issues and cartilage breakdown associated with knee OA.  With these 
individuals, it becomes imperative to see if orthotic devices are able to minimize the varus 
motion placed on the knee and thus limit loading on the knee.  
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.  The use of healthy subjects in particular in this study is helpful though as their knees 
exhibit similar qualities to those with cartilage injuries who have not yet developed knee OA.  It 
may also show whether the same effects of reducing medial compartment loading from using the 
orthotic devices in those with knee OA can be extended to those without knee OA as well. The 
main problem for these individuals lie in the instability that comes from the injuries they suffer 
that can alter biomechanics and loading patterns in the knee without initially affecting bony 
alignment.7 Seeing how the devices can be used to limit varus loading on the knee joint and 
therefore protect injured cartilage in the medial compartment as it heals can be essential when 
trying to prevent the development of knee OA in such individuals.    
Summary
Knee OA is a debilitating disease that occurs as a result of cartilage breakdown in the 
knee joint.  While there are methods like meniscal tear surgeries, meniscectomies, mosaicplasty, 
and microfracture surgery that may be used to help to fix menisci and cartilage, and keep the 
damage from progressing into knee OA, there are no fool-proof solutions to the problem as of 
now.  The main purpose of this study therein lies with finding a way to prevent the development 
of knee OA in such individuals who do not yet have the bony deformity and varus alignment 
seen in those with knee OA.  Testing orthotic devices like medial unloader braces and lateral 
heel wedges to see if they can be effective in trying to protect the joint in such cases is important.  
The use of healthy subjects to do this is essential as these individuals would not have the bony 
deformities associated with knee OA, therefore being similar to those that have damaged 
cartilage in the joint but do not yet have knee OA.  This study is also important to perform due to 
the lack of research available on the impact of orthotic devices on protecting the knee joint of 
those who have yet to develop knee OA.  
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CHAPTER 3: EXPERIMENTAL DESIGN AND METHODS
Subjects
Ten healthy individuals (4 males and 6 females) between the ages of 18 and 35 years 
were recruited for this study.  Subjects were required to not have a history of lower extremity 
injury in the 6 months prior to participation, osteoarthritis or symptoms related to osteoarthritis, 
or any traumatic knee joint injuries.  Each subject was required to read and sign an informed 
consent form prior to participation.    
Experimental Design
This investigation utilized a randomized controlled crossover design.  Three-dimensional 
walking gait biomechanics were captured as subjects complete four testing conditions 
(control/no device, unloader brace at 50% max load, lateral heel wedge, and unloader brace at 
100% max load) in a single testing session. The order of the conditions was determined via an 
unbalanced Latin square.  Subjects were fitted for an adjustable medial unloader brace (Bledsoe 
Z-12, Bledsoe Brace Systems, Grand Prairie, TX), and the lateral heel wedge consisted of a 3” 
wool felt inserted into the shoe (Hapad Inc., Bethel Park, PA).
Assessments
An electromagnetic motion capture system (MotionStar, Ascension Technology 
Corporation, Milton, VT) interfaced with embedded force plates (Bertec Model 4060-NC, 
Columbus, OH) was used to measure lower extremity kinetics and kinematics as subjects walk 
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along a 6 m walkway at a comfortable, self-selected pace.1,16,20,45,55  All data were sampled from 
the right leg, and motion capture sensors were placed on the sacrum, lateral side of the thigh on 
the IT band, medial side of the tibia, and the dorsum on the foot via double sided tape.  Gait 
speed was monitored via an infrared timing system, and subjects were required to remain ±10% 
of the mean speed obtained from at least 5 practice trials. The five practice trials were carried out 
to determine the exact distance of the start to ensure the subjects’ right heel-strikes hit the force 
plate each time without noticeably altering gait patterns and speed.  Subjects then performed 5 
valid trials for each testing condition.  Three-dimensional marker positions were sampled at 100 
Hz using electromagnetic motion capture system and low-pass filtered at 10 Hz. Ground reaction 
forces were sampled at 1,000 Hz and low-pass filtered at 75 Hz.  
Peak KAA and KAM were measured during the first 50% of the stance phase of gait 
(heel strike to toe off).  Heel strike was identified as the instant when the vertical ground reaction 
force (vGRF) exceeds 20 N, and toe off was identified as the instant when the vGRF returns 
below 20 N.  Customized computer software (LabVIEW, National Instruments, Inc., San 
Antonio, TX) was utilized to calculate these measures.  The joint moments (KAM) were 
normalized to the product of body weight (BW) and height (Ht) of the subject (BW*Ht) and then 
averaged for each subject for statistical analysis.1,16,20,45      
Statistical Analysis
Each of the dependent variables (KAA and KAM) were compared across each of the 
testing conditions (control/no orthotic device, medial unloader brace at 50% max load, lateral 
heel wedge, and medial unloader brace at 100% max load) via one-way repeated-measures 
ANOVA (p≤0.05).21  Tukey’s HSD test was utilized to evaluate the ANOVA models post hoc.  
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CHAPTER 4: RESULTS
Ten subjects who met the inclusion criteria for the study completed all testing conditions, 
and were included in the final analyses. The subjects (4 males and 6 females) had a mean mass 
of 68.7 (±16.5) kg, height of 168.3 (±12.9) cm, and age of 21.6 (±2.95) years.
Knee Adduction Angle (KAA)
The orthotic devices did not significantly affect peak KAA (F1.367, 12.304 = 0.487, p = 
0.556). Peak KAA ranged 1.2-2.7° across conditions, but did not differ significantly. 
Descriptive statistics for peak KAA are listed in Table 1 and Figure 1.
Knee Adduction Moment (KAM)
Similar to KAA, the orthotic devices did not affect peak KAM (F1.155, 10.393 = 0.729, p = 
0.432). Peak KAM ranged -0.0195 – -0.0104 x BW * Ht across conditions, but did not differ 
significantly. Descriptive statistics for peak KAM are listed in Table 2 and Figure 2. 
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Table 1. Peak Knee Adduction Angle (KAA) 
Condition Mean sd
Control
Brace @ 50%
Wedge
Brace @ 100%
1.2
1.7
2.7
2.2
2.5
5.4
3.4
6.0
Table 2. Peak Knee Adduction Moment (KAM) 
Condition Mean sd
Control
Brace @ 50%
Wedge
Brace @ 100%
-0.01
-0.01
-0.02
-0.01
0.02
0.02
0.03
0.02
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Figure 1. Peak Knee Adduction Angle 
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Figure 2. Peak Knee Adduction Moment 
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CHAPTER 5: DISCUSSION
The primary findings of this study demonstrated that medial unloader braces and lateral 
heel wedges did not alter KAA or KAM during walking gait in healthy subjects. These findings 
are contrary to our hypotheses and contrast with the decreases in KAA and KAM noted in 
individuals with knee OA. 
The literature regarding the effects of medial unloader braces and lateral heel wedges on 
gait biomechanics in healthy individuals is equivocal.  Our findings agree with those of Ebert et 
al.55 who reported no influence of unloader braces on KAM. Conversely, Orishimo et al.,21
Pagani et al.,23 and Kakihana et al.52,56 who reported reductions in KAM and KAA with these 
orthotic devices.  The discrepancies between the studies are likely due to differences in the 
orthotic devices, the testing procedures, and the individuals who were evaluated.
Orishimo et al.21 used a different unloader brace (DonJoy OA Adjustor Medial Unloader 
Brace, DonJoy Orthopedics, Vista, CA) in a slightly older healthy population (32 ± 10 years) 
compared to our investigation, and reported decreases in KAM and KAA.  This discrepancy in 
results likely can be attributed to the fact that the DonJoy brace induced as much as 20° of valgus 
correction when loaded maximally.57  Comparatively, the Bledsoe Z-12 OA brace we used 
provides a maximum of 3° of valgus correction.58 This dramatic difference in valgus loading 
capacity of the two unloader braces likely explains the difference in results.  
Pagani et al.23 also reported a decrease in KAM via an unloader brace in healthy subjects.  
However, these subjects possessed varus deformity.  On the contrary, Ebert et al.55 reported no 
effect of an unloader brace on KAM in individuals with normal/neutral knee alignment similar to 
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the subjects used in our study.  In combination, these data suggest that knee alignment influences 
the efficacy of medial unloader braces, as they reduce medial knee compartment loading in 
individuals with varus alignment but do not alter frontal plane knee biomechanics in individuals 
with neutral alignment. This result may be explained by the fact that varus alignment causes 
joint opening on the lateral side (e.g. greater space between the femoral and tibial contact 
surfaces).  As such, the valgus moment provided by the unloader brace has the potential to alter 
knee alignment from varus to valgus by approximating the lateral tibial and femoral joint 
surfaces.  In comparison, the spacing between the joint contact surfaces on the lateral side of the 
joint in neutrally aligned knees is much smaller, thus limiting the additional approximation that 
can be caused by the orthotic device.   
Kakihana et al.52,56 reported significant decreases in KAM with lateral wedges. These 
investigators used 3° and 6° wedges, but only the 6° wedge decreased KAM.  Additionally, these 
wedges spanned the entire length of the foot.  We used a 7° wedge that was placed directly under 
the calcaneous, and only came into contact with the rearfoot.  The foot possesses substantial 
capacity to adapt to different surfaces via motion between the rearfoot and forefoot segments.  
As such, the wedge used in our investigation may have produced calcaneal eversion that was 
countered by forefoot inversion to allow the plantar aspect of the foot to maintain contact with 
the ground. This compensation for the effects of the lateral heel wedge would have minimized 
the proximal effects on frontal plane knee biomechanics.  Conversely, the wedges used by 
Kakihana et al. spanned the entire length of the foot, thus limiting compensatory motion between 
the forefoot and rearfoot, and potentially having a greater proximal effect on frontal plane knee 
biomechanics.  
The healthy elderly subject assessed by Kakihana et al.52 were required to walk at a pace 
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that matched that of the knee OA patients in their study.  This pace may have altered the 
subjects’ “normal” gait patterns.  In contrast, our subjects walked at a comfortable, self-selected 
pace.  As such, this unfamiliar task may partially explain the discrepancies across studies.  
Similar to the effects of medial unloader braces, it is likely that lateral wedges may have 
minimal effects on neutrally aligned knees while still altering knee frontal plane knee 
biomechanics in those with varus alignment.  The risk of developing OA increases with age and 
affects the majority of people above the age of 65.59  An elderly individual is more likely to have 
cartilage degeneration in the knee than younger individual such as those in our investigation 
regardless of activity level because of the forces placed on the joint that accumulate over time.59  
Even though the subjects assessed by Kakihana et al.52 were healthy, they were elderly (average 
age 65 ± 2 years) and likely had mild degenerative changes in the knee cartilage that were 
asymptomatic. These mild degenerative changes in the knee cartilage could also allow for a 
greater joint opening on the lateral side that could make it easier for the wedge to produce valgus 
orientation at the knee. As such, the difference in populations in the two studies may have 
contributed to the differential results.          
Limitations
The study has limitations that should be considered including the small sample size. 
There were only 10 subjects who were tested which may have limited our ability to identify 
differences between the conditions due to relatively high variability.  Additionally, we only 
tested the devices’ effects on frontal plane knee biomechanics.  Ankle and hip biomechanics and 
sagittal and transverse plane knee biomechanics were not studied and could have been affected.  
The hip, knee, and ankle are aligned to help distribute load by proportionately in all three 
cardinal planes of motion, thus these devices could indirectly influence factors linked to knee 
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OA development.60  Examining these relationships could be helpful when drawing conclusions 
about the devices’ effectiveness in healthy individuals. 
Conclusions
In this study, we found that using orthotic devices in healthy subjects had no effect on 
KAA and KAM. These findings reveal that orthotic devices do not affect healthy subjects in the 
same way that they do knee OA patients and individuals with varus alignment at the knee. As 
such, these devices would not likely provide adequate protection for healing cartilage following 
injury or surgical repair in otherwise healthy individuals with neutrally aligned knees. 
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